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 Based on sequence data for 10 genes

Sorghum 60 MYA
Panicoideae )—‘ Andropogoneae Maize

0.1
» Wheat ABD

Triticeae % Whea’t AB

11.6

L Bar'ey

Brachypoideae )— Brachy 35 MYA

60 50 40 35 30 25 20 15 10 5 0 MYA

adapted from Chalupska et al. 2008 PNAS 105:9691-9696



Synteny by Deletion Bin Mapping A
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WHEAT RICE

* 8 Deletion Bins Chr. 1D issamim

1051-0.59-0.70

* Size 11% to 69% Chr. Arm

1063-0.43-0 59

* 643 ESTs RFLP Map S
« Synteny to Rice Chr: 5and 10 ciosos
ﬁam B &~ 10140 180,41

== P 8 @ o 2 4

CEEBRO8 30 .20 5F G0l gnGong s

sE0cEe3899308 0384494988028

. - - - S Bl

“ - o o & &b & - -t o - 10120 41-1.00
e ' 1AL

A: CEU222BE438469

1D

Peng et al., 2004 Genetics 168:609-623
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« 572 F, Ae. tauschii (AS75 x AL8/78)

Os5 Sho
” 7.3-C % 29?'83
’ |
. 0‘, 124-cO T ¢
’ \ Sb1 17.1
Os10 -
N S 49.7
485
16.2 40.1
o
¢ * Os5 Sbg
P55

Luo et al., 2009 PNAS 106:15780-15785
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« 572 F, Ae. tauschii (AS75 x AL8/78)
’ [C.0] [0
Os5 Sho
”» — 1.9-C % zg?'%
. 0", 124-CO 0
¢ ¥ 4.7 cM —= Sb1 -
A (2.6%) | ©=1° 497
— PR | 485
16.2 40.1
P
@ . 0s5 Sb9
5

Luo et al., 2009 PNAS 106:15780-15785



Radiation Hybrids as Small Deletion Bins l
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* Independent from recombination
* High map resolution
* Fast production mapping population (6 months)

* Monomorphic markers

* RH! used for phenotyping (K.O.)




RH Population Development
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« Gamma Ray causes deletions of random size in the genome

LDN (durum wheat) LDN (aneuploid)
1A1A -
2A2A 2A2A
3A3A 3A3A
4A4A 4A4A
5A5A 5A5A
6A6A 6A6A
7A7A 7A7A
1B1B 1B1B
2B2B 2B2B
3B3B 3B3B
4B4B 4B4B
5B5B 5B5B
6B6B 6B6B
7B7B 7B7B

1D1D




RH Population Development

| Germplasm '\

b Enhancement
- — )G |

« Gamma Ray causes deletions of random size in the genome

LDN (durum wheat) LDN (aneuploid)

1A1A
2A2A
3A3A
AA4A
5ASA 35 Krad
6AGA
7A7A
1B1B
2B2B
383B
4B4B
5B5B
6B6B
7878

Irradiation




RH Population Development i
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« Gamma Ray causes deletions of random size in the genome

LDN (durum wheat) LDN (aneuploid)
1A1A --
2A2A 2A2A
3A3A 3A3A
4A4A 4A4A
5A5A 5A5A
6A6A 6A6A
7A7A 7A7A
1B1B 1B1B
2B2B 2B2B
3B3B 3B3B
4B4B 4B4B
5B5B 5B5B
6B6B 6B6B
7B7B 7B7B

1D1D
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« Gamma Ray causes deletions of random size in the genome

RH?
1A > :
2A 2A
3A 3A
aA aA
5A 5A
6A 6A
7A 7A
1B 1B
2B 2B
3B 3B
4B 4B
5B 5B
6B 6B
7B 7B

— r




RFLP to Polyacrylamide Mapping N
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* Primers designed on EST bin mapped (RFLP)
» 42 markers chr. 1D specific on Polyacrylamide gel (NDSU)

* Populations:

94 RH1 LDN 1D 15 Krad
94 RH1 LDN 1D 35 Krad
72 RH2 (lo)scs 35 Krad

nllnnunnnn~nuunnnnnluﬂlﬂﬂllnu~~I

Lol Lall) Y Sl L. hadiN . Lo led . BPS

- kR KRR K KRR X R

Michalak et al., 2009 Maydica 54:471-483




RFLP to Polyacrylamide Mapping
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* 94 RH! 15 Krad

Ret09-24 UMN25

Ret09-12

Ret09-9

I NDSU200

I NDSU292

NDSU201 NDSU203

I Ret09-8

NDSU202 NDSU205 NDSU207
NDSU206 NDSU208

I NDSU209

NDSU210 Ret09-6 Ret09-14
NDSU211

| NDSU212

NDSU213

I RIOC40-3

Ret09-23

, NDSU215

141.4 \ - NDSU216

1445 /AINDSU217 NDSU218

160.2 NDSU219

163.0 NDSU294

1711 NDSU233

175.2 NDSU220 NDSU221 NDSU222

175.3 /| RIOC1-2 RIOC32-2 NDSU223
' / \ NDSU295

178.4 NDSU296 NDSU299

181.5 NDSU228

181.6 NDSU290 NDSU291

191.4 NDSU232 NDSU224

201.3 NDSU225 NDSU297

211.2 NDSU226

225.0 NDSU227

235.1 NDSU298

241.6 NDSU231

244.8 NDSU229 Ret09-25

248.2 NDSU230




RFLP to Polyacrylamide Mapping
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* 94 RH! 15 Krad

0.0 Ret09-24 UMN25
3.4 Ret09-12
671 Ret09-9 1DS5-0.70-1.00
333 I NDSU200
36.7 | | NDSU292
62.0 NDSU201 NDSU203
68.4 I Ret09-8
71.6 NDSU202 NDSU205 NDSU207
78.1 NDSU206 NDSU208
88.2 | NDSU209
94.9 NDSU210 Ret09-6 Ret09-14
99.0 NDSU211
111.9 | NDSU212 C-1DS3-0.48
122.0 NDSU213
132.0 I RIOC40-3
135.2 Ret09-23 C-1DL4-0.18
138.3 NDSU215
141.4 \ j NDSU216
1445 /INDSU217 NDSU218
160.2 NDSU219
163.0 NDSU294
171.1 NDSU233
175.2 NDSU220 NDSU221 NDSU222
1753 RIOC1-2 RIOC32-2 NDSU223
J \4”828532 NDSU299 1DL2-0.41-1.00
178.4 - -
181.5 NDSU228 : .
181.6 NDSU290 NDSU291
191.4 NDSU232 NDSU224
201.3 NDSU225 NDSU297
2112 NDSU226
225.0 NDSU227
235.1 NDSU298
241.6 NDSU231
244.8 NDSU229 Ret09-25

248.2 NDSU230




RFLP to Polyacrylamide Mapping

* 94 RH! 15 Krad

0.0 Ret09-24 UMN25
3.4 r Ret09-12

6.7 I Ret09-9

33.3 I NDSU200

36.7 NDSU292

62.0 I NDSU201 NDSU203
68.4 r Ret09-8

716 | NDSU202 NDSU205 NDSU207
78.1 ||} NDSU206 NDSU208
88.2 | NDSU209
94.9 NDSU210 Ret09-6 Ret09-14
99.0 | NDsu211

111.9 | NDsu212

122.0 | NDSU213

132.0 | RIOC40-3

135.2 Ret09-23

138.3 NDSU215

141.4 \ - NDSU216

1445 /INDSU217 NDSU218

160.2 NDSU219

163.0 NDSU294

171.1 NDSU233

175.2 NDSU220 NDSU221 NDSU222

1753/ RIOC1-2 RIOC32-2 NDSU223

o \4NDSU295

178.4 NDSU296 NDSU299

1815 NDSU228

181.6 NDSU290 NDSU291

191.4 NDSU232 NDSU224

201.3 NDSU225 NDSU297

211.2 NDSU226

225.0 NDSU227

235.1 NDSU298

241.6 NDSU231

244.8 NDSU229 Ret09-25

248.2 NDSU230

1DS5-0.70-1.00

C-1DS3-0.48
C-1DL4-0.18

1DL2-0.41-1.00

71.6 cR

69.8 cR
26.6 cR

/7.1cR

b Euhancement

/' Wheat

Germplasm \\

56.85 cM

0.7 cM
0.1 cM

121 cM

Luo et al., 2009 PNAS 106:15780-15785




Chr 1D Colinearity Across Grasses

Wheat
chrlD

Brachy
chr2

m End_Short
Bradi2g03160

12.8 Bradi2g14150
15.0 Bradi2g16960
17.0 Bradi2g19330
17.1 Bradi2g19980
17.8 Bradi2g20310

Bradi2g20880 =————" _
Bradi2g20880 m————m_

18.3 Bradi2g20880
Brad!2920880
— Bradi2g22460

Bradi2g22520 =——=
20.9 Bradi2g23360 —
— Bradi2g24170 ——

i Bradi2g26470
Bradi2g26700

0.0 UMN25
333 NDSU200
36.7 NDSU292

NDSU203

62.0 NDSU201

NDSU207

716 ‘ NDSU202

NDSU208

781 ‘ NDSU206

NDSU209

88.2 ‘ NDSU209

NDSU209

94.9 NDSU210

99.0 NDSU211

1119 NDSU212

1220y NDSU213

138.3 NDSU215

1414 NDSU216

NDSsU217

144.5 NDSU218

160.2 |[|=—{f NDSU219

163.0 NDSU294

—/| NDSU233

171.1 \||=—J/{ NDSU233

NDSU233

NDSU220

NDSU221

175.2 NDSU220

1 INnDsu222

1| |NDsU223

NDSU295

175.3 NDSU295

I|NDSU295

178.4 NDSU299

1815 NDSU228

NDSU290

181.6 NDSU291

191.4 NDSU232

201.3 NDSU297

2112 NDSU226
225.0 NDSU227 —|
235.1 NDSU298 —}

241.6 NDSU231
2448 NDSU229 —
248.2 NDSU230 —

\ Bradi2g3468
Bradi2g27970
Bradi2g34740
Bradi2g34930 ==
Bradi2g34970
Bradi2g35430
Bradi2g35590:
Bradi2g35830

Bradi2g35990 .
Bradi2g37310

Bradi2g37340 __//
Bradi2g37640

Bradi2g37640
Bradi2g38280
Bradi2g39750

Bradi2g40380
End_Long

Brac
chr

NNNN
B 38NG @ rooo

© OOMM N RPOMO

W

33.3

33.4
33.5

33.6

Rice
chr5

End_Short

Bradi3g00690
Bradi3g01140
Bradi3g01850
Bradi3g04670
Bradi3g04690
Bradi3g21640
Bradi3g26660
Bradi3g27640
Bradi3g27750

—— LOC_0s05g32330. 18.8
LOC_Os05g32660. 19.1
LOC_0Os09g38834. 22.3
LOC_Os05g38400. 225
LOC_Os05g39560. -~
LOC_Os05g39690. :
LOC_Os05g41950.

——LOC_0Os05g41950. P
LOC_Os05g41950. :
LOC_Os05g41950.
LOC_Os05g43450. 25.2
LOC_0Os08g40140. —

LOC_0Os05g43830.
LOC_0Os05g44922.
LOC_Os05g48390.

End—1"0Nng

26.0 —————

27-

7

299 —— —

Bradi3g29840 —— RN ST
Bradi3g29870 R NS
Bradi3g29910 NGB\

34.1

34.2
34.7
35.2
35.3
35.5
35.6

35.8

35.9
36.0

36.1

36.2
36.3
36.4
36:5.
36.6
38.5
42.4
59.9

Bradi3g30100
Bradi3g30340,
Bradi3g30460
Bradi3g30480
Bradi3g30670
Bradi3g30850
Bradi3g30850
Bradi3g30850
Bradi3g30890
Bradi3g30890
Bradi3g31110
Bradi3g31110
Bradi3g31350
Bradi3g31140
Bradi3g31370
Bradi3g31410
Bradi3g31430
Bradi3g31430
Bradi3g31430
Bradi3g31460
Bradi3g31520
Bradi3g31530
Bradi3g31550
Bradi3g31560
Bradi3g31570
Bradi3g31590
Bradi3g31620
Bradi3g31650
Bradi3g31810
Bradi3g31810
Bradi3g31810
Bradi3g32000

Bradi3g32780 m——

Bradi3g32840
Bradi3g32960
Bradi3g33080
Bradi3g33190
Bradi3g33220
Bradi3g33370
Bradi3g33430
Bradi3g33500
Bradi3g33620
Bradi3g33700
Bradi3g33710
Bradi3g33770
Bradi3g33930
Bradi3g33950
Bradi3g34090
Bradi3g33240
Bradi3g35790
Bradi3g40170
End=tong

End—Short
LOC_Os05g0T500-
LQC_0Os05002250-
E=OE€-0s05g02310-
LOC—©s05g02880:
LOC_0Os05g02880:
LOC -©s05g05700.
LOC Os05g05950:
LOC_Os05g06150:
LOC_Os05g06460:
LOC_Os05g06480.
LOC_0Os05g06890.
LOC_Os05g07030
LOC_0s07g10150.
LOC_0s06g11240.
LOC_0Os05g29030

POOWW ®YWN R 009
Non~No w/krow/ o N/to

\

~

Rice
chrl0

End_Short 0.0
LOC_0Os10g11620 6.4
LOC_0Os10g27340 14.4
LOC_Os10g30600. 15.9
LOC_Os10g35150.
LOC_0s10g35220. Az
LOC_Os10935380. 18.8
LOC_Os10935760. 19.0
LOC_0s10936200. 193
LOC_Os10g36690. 196
LOC_Os10g37210. 198
LOC_0Os10g37240.
LOC_0Os10g37330. 199
LOC_Os10g37330 o
LOC_Os10g37330
LOC_Os10g37420
LOC_Os10g37420
LOC_Os10g37480
LOC_Os10g37480 200
LOC_0Os10g37520
LOC_0Os10g37570
LOC_Os10g37630
LOC_Os10g37660
LOC_0Os10g37690 201
LOC_0Os10g37690. g
LOC_Os10g37690.
LOC_Os10g37730.
LOC_Os10g37830.
LOC_Os10g37840.
LOC_Os10g37850. 20.2
LOC_Os10g37860.
LOC_Os10g37899.
LOC_Os10g37980.
LOC_Os10g38030.
LOC_Os10g38040. 20.3

LOC_Os10g38050.1
LOC_Os10g38060.
LOC_Os10g38216. 20.4

LOC_Os10g38402.1 g
LOC_Os10g38489.
LOC_Os10g38489. 20.5
LOC_Os10g38489.

LOC_Os10g38800.1
LOC_0Os10g38850. 206
LOC_0Os10938950. 20.7
LOC_Os10g40050. 21.4
LOC_0s10g40250. 215
LOC_Os10g40390. e
LOC_0Os10g40540. 0
LOC_Os10g40640. 21.7
LOC_Os10g40780. 218
LOC_Os10g40830. 219
LOC_Os10g41030. 220
LOC_Os10g41150. d
LOC_Os10g41240.
LOC_Os10g41340. 224
LOC_Os10g41450.
LOC_0s10g41510. 222
LOC_0Os10g41520
LOC_0s10g41710 o2

LOC_0Os10g41820.2 0
LOC_Os10g41960 22.5
LOC_0s10g42100 226
LOC_Os10g42110. 0
LOC_0s10g42299. 22.7
LOC_0s10g42700. 23.0
LOC_0Os10g42960. o,

End_Long
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» Species Cytoplasm Specific

from T. aestivum 1D
from T. timophevii 1A

longissimum

SCS + | SCS -

Restores Nuclear-Cytoplasm compatibility

Hossain et al., 2004 Genome 47:206-214



Flow Sorted Saturation

| Germplasm '\

b Enhancement
- — )G |

» scs?® interval 350 rice genes (develop 1 marker ~ 10 genes )
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» scs?® interval 350 rice genes (1 marker ~ 10 genes )

(A) Metaphase chromosomes stained with fluorescent dye

Strachan and Read, 1999 NBK7580
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» scs?® interval 350 rice genes (1 marker ~ 10 genes )
(A) Malapiiasd circenosones sk Wi Sirescent dye Band Sequencing
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Flow Sorted Saturation £"

» scs?® interval 350 rice genes (1 marker ~ 10 genes )
(A) Melaphasechromosom;lamedwnlhﬂuorescemdye Band SequenC|ng SNP pr|mers
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* 14 genes sequenced for 1A, 1B, and 1D

SNP SNP Intron SNP Exon

1A vs 1B-1D 32.0 18.5 50.4
1D vs 1A-1B 58.9 26.4 107.2
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» 14 genes sequenced for 1A, 1B, and 1D
SNP SNP Intron  SNP Exon
------------------- SNP/bp --------z2z22==----
1A vs 1B-1D 32.0 18.5 50.4
1D vs 1A-1B 58.9 26.4 107.2
Brachy chr3 Brachy chr2
SNP SNP SNP SNP
SNP Intron Exon SNP Intron Exon
-------------------------------------------- Tl S —
1A vs 1B-1D 79.5 33.0 172.6 16.9 12.9 21.8

1D vs 1A-1B 58.1 16.9 126.3 116.3 162.7 88.4




Intron Evolution £

| Germplasm '\

« Comparison of length of 24 wheat Introns:

Rice Brachy
Average bp A 39% 19%




Wheat

1A to 1D Conservation [\
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RH! 1D
628
cR
0.0 NDSU212
Y INDSU221
12.7 NDSU220
NDSU222
22.1 NM3
NDSU293
25.0 NDSU298
scs(ae)
34.3 NDSU225
43.6 NDSU226
51.1 NDSU21-1D
62.4 NDSU231
71.8 \ NDSU233
71.9 RIOC32-2
74.9 NDSU31
91.1 NDSU3
111.9 NDSU26
125.5 NDSU298

147.9 ~—— NDSU224




1A to 1D Conservation

RH! 1D
628
cR
0.0 NDSU212
NDSU221
12.7 NDSU220
NDSU222
22.1 NM3
NDSU293
25.0 NDSU298
scs(ae) x
34.3 NDSU225
43.6 NDSU226
51.1 NDSU21-1D
62.4 NDSU231
71.8 \ NDSU233
71.9 RIOC32-2
74.9 NDSU31
91.1 NDSU3
111.9 NDSU26
125.5 NDSU298
147.9 NDSU224

Wheat
| Germplasm '\
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RHY 1A F, 1A
91 5,935
0.0 £ NDSU20
cM
.
99.3 NDSU21-1A BCD1449 0.0
1475 Wmc120
206.1 NDSU293 NDSU293 0.2
271.6 NDSU298 NDSU229 0.3
333.6 NDSU31
381.8 NDSU834
NDS298 0.6
447.7 —— NDSU36.1
scs(ti) 0.7
NDSU834 0.8



1A to 1D Conservation

Wheat
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Brachy RH! 1D RHY 1A F, 1A
628 91 5,935
N
31.9 Bradi3g29840 0.0 NDSU20
33.1 Sﬁgggggggg cR cM
./ |Bradi3g30890
33.3—F— B[Zd:3g31110 OO NDSU212 N
e G ~/\NDSU221 99.3 NDSU21-1A BCD1449 00
’ Bradi3g31570
34.0 7\ Bradi3g31730 12.7 NDSU220
34.2 Bradidg32000 NDSU222 147.5 Wmc120
352 Bradi3g32780 22.1 NM3
35.6 Bradi3g33240 NDSU293 206.1 NDSU293 NDSU293 0.2
36.4 Bradi3g33950 25.0 NDSU298
4~ Bradi3g
36.5 - Bradi3g34090 scs(ae) x
200 Bradi2g22460 ----.- 343 NDSU225 271.6 NDSU298 NDSU229 0.3
. 43.6 NDSU226
1 51.1 NDSU21-1D
H 62.4 NDSU231 333.6 NDSU31
: 71.8 NDSU233 . e
i 719 / \ RIOC32-2 g enLs NDSU834 ==
= 749 NDSU31 s : NDS208 0
g 9L NDSU3 : 4477+ NDSU36.1 % '
- N .
S 1119 NDSU26 R . scs(t) 0.7
s e 1255 NDSU298 '-‘ N
25.4 Bradi2g26700 Il'l'lﬁ.lllllllllllllllllllllllllllllt.. NDSU834 N/ 08
147.9 NDSU224
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1A to 1D Conservation

Brachy

RH! 1D
628

RHY" 1A

' Wheat
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— ) G ] —

F,* 1A
91 5,935
—~
Bradi3g29840 0.0 NDSU20
33.1 Sﬁgggggggg cR cM
- Brad?3930890 —~
3ol eradsgeieao 0.0 NDSU212 BCD1449 0.0
oo T Bradasiso  [NDSU221 993 NDSU21-14
1\ | Bradi3g
07/ radi . NDSUZZO
SO e 12.7 DS U292 147.5 Wmc120
352 Bradi3g32780 22.1 NM3
35.6 Bradi3g33240 | NDSU293 206.1 NDSU293 NDSU293 0.2
36.4 ~—_|- Bradi3g33950
30,0 T Bradisgasde0 = w s ma NDSU229 0.3
: 66 CR 110 cR
FR P
: LN | “
3 447.7 ——— NDSU36.1 3
S 1119 NDSU26 B 0.2 cM
s w1255 NDSU298 Lo
25.4 Bradi2g26700 “.llllllllllllllllllllllllllllll~.
147.9

— NDSU224




1D Conservation

' Wheat
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Brachy RH! 1D RHY 1A F," 1A
628 91 5,935
N
31.9 Bradi3g29840 OO NDSUZO
331 J E;gg:ggggggg cR cM
0.0 NDSU212 BCD1449 —)
0.4 Mb ~/INDSU221 99.3 NDSU21-1A 0.0
12.7 NDSU220
NDSU222 147.5 Wmcl120
35.2 Bradi3g32780
35.6 Bradi3g33240 —— 9061 NDSU293 NDSU293 0.2
36.4 ): Brad!3933950 9 ] 3 C R x
6.0 (g Bradi2gezac == = e NDSU229 0.3
. 7367 |\ NDSU226
F 51.1 NDSU21-1D
H 62.4 NDSU231 110 cR
| 71.8 \ NDSU233
'-_ 71.9 RIOC32-2 . %
] 74.9 NDSU31 B
pre 911 NDSU3 447.7+—NDSU36.1 %
& 11109 NDSU26 . 0.2 cM
s 21255 NDSU298 “-‘
25.4 Bradi2g26700 llllllﬁ.ullllllllllllllllllllllllllllt.. -
147.9 ~—— NDSU224
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* Brachy supports chr. fusion to originate wheat homeologus 1
Bd 2-3-2 Os 5-10-5 Sb 9-1-9

« Synteny eroded at telomeric ends but not in the (peri)centromere
* 1A is evolving faster in syntenic breaks (14 genes)
* Brachy better gene model for wheat (24 introns)
* RH great system for synteny studies
- Resolution (10-100X)
- Monomorphic EST mapping

» Keep up “this” generation wet lab with “next” generation seq.
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